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(54) NOISE SUPPRESSING DEVICE 

(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a noise 
suppressing device that can bring about a noise 
suppression favorable for hearing and that is littie 
in deterioration of quality in a voice 
communication system, a speech recognition 
system or the like used under various noisy 
environment 

SOLUTION; A time-frequency conversion means 
analyzes an input signal for every frame and 
converts It into an amplitude spectrum and a 
phase spectrum; on the basis of the result of a 
noise likeness of the input signal frame judged by 
a noise likeness analysis means, a noise amplitude 
spectrum calculating means calculates the noise 
amplitude spectrum by using the input amplitude 
spectrum of the frame; a spectrum correction gain 
calculating means calculates a noise amplitude 
spectrum correction gain and a noise removal 
spectrum correction gain by using the respective 
prescribed coefficients of the input amplitude 
spectrum and the noise amplitude spectrum; a spectrum subtracting means 
multiplies the noise amplitude spectrum by the noise amplitude spectrum correction 
gain; and substrates the product from the input amplitude spectrum to output a 1st 
noise removed spectrum; a spectrum amplitude suppression means multiplies the 
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1 st noise removal spectrum by the noise removal spectrum correction gain and 
outputs a 2nd noise removal spectrum; and the frequency-time conversion means 
converts it into a time base signal 
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WLTfifiX'^^ b;bi;f3i^SX-<^' h;Wc»r^Bffig 
<tulBAtifi*SX'^i7 h;Vi:tiifEltHJii|'SX-^i7 h}lt 

gfix^^ ^;^*^?>, tufBli^fi*ix^^ h^i/fctutaffi 
'I'y^SCTiiSL, l|io«mSx-^^h;P%tiS;^i 

imimzi^ tuiBx-^i7h;v«iE^vy*m^mA 

:tiSi|ix-?^ h;bfc'c};tflt^fi*MX^^ h;l/^ffiv^T. 
«§aifiX--<^ h;Vfe<};t;$t^ltSX'^i' h;!/®^!^ 

^7 h;l/*5 .fctfU^MIX'^i' h;l/tej;tfx-^i' h;l/fflE 30 

X'^i' vi^^'m.v^ynm-wmm-^T-^^ 

A^'jSiti^'^^' b;Ul3itftt©»iX-<^' h;V0f^f3 
fc, x-^^b;l/?f?«:^WI§*^ffi*-rsA;'3®*lX'^^ 

x^^' h^i/^fflv^TX-^i' h;i/fii|i$ijm $l^«x 
-^i'hyHlE^Vy, $(i^^^x-<^h;i/ffilE'b'Vy;& 
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[W*a4] A::'3fi^ottfilicjSu;TA*»Mx-^i' 
b;i'*5cfctf*t^S1iMx-?^ h;V©¥)f «S;&»m-rsx 

a^fflv^TA;f7»MX'^i' b;y*5i;«§igitiiX"^^' h 

jv^mm/m'mism^TmL, ^iffkAtisiix-?^^ 

h;b4oJ;t;¥}tft;*i§Sfax^i' h;i^:S:ffl:^j-rsx-?^ 

©MiE*fT5/cA©*S§»MX-?i' h;WfiE^Vy. 
j;tf$t§ltSX<i/h;l/O^S*sfftMMafig^^«®ffi 
IE^tT3fci6©^tltSX-<^' h;WiiEyi'y*, tufa 
¥if {t:A:^S^ix-^ ^ h J; OTif f k^mWsx-? 

^^tiii:-rsw*ii 1 tciaic©$i^spE«ao 

g*^6©§Jilig»««oA;^jS1>M¥i£lx-^i' h)Vt^ 

tSX'^^ h;!/^^;!?^)! fktt^^X-?^' h;l/^Wt±l-r 

CttsRae] A:tl^8^®«Slt^SCTA*»Ix•-?^' 
h;l/^J;tf$(msiiMX'^^' h;l/©¥?f«*»fflf sx 
■^^ h;l/¥)f ^liWffi^St. Mtax-^^ h;V©¥?t^ 
Si^ffiv^TA^fjfiitMX^^ h;^feJ;tf$t^«*MX-?^ 1^ 
;i/^^^/ii)^if^(p)t¥»L, ¥mffcA:'3ig*Ix-^^ 
b;l/*3<};t>"^tl{t$6Wix-^i' b;V%tti^]-r?>X'^^' 

ti»ax--^^' h;l/fc«I^Jii|6X--<^ h;1^0f^t>f)t, ¥ 
?f<t:A;^j»Ix--<^ h;i/4oJ;r;¥if fkSi^fiipiX-^^ h 

♦iX^i' h;HliE^rVyfe<ttftt^i?£X-<i7 Y)miE 

v-i y^wmt^ c t^mmtt^mMm 2 KWMom 

i|iIX-^i'b;l.^lIiSt©Jf«a^«fc^^tJL. ^^^m^ 

h;i/»ffi*®*^s©ii-^-»ix-^5' h)]ymmi(omm 
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#M 2 0 0 1 - 1 3 4 2 8 7 



[0 0 0 1] 
[0 0 0 2] 

93-^:^)^ig^^nTV^^o ^Iti^^, :it^1 (Steven Fo Bo 
II, "Suppress ionof Acoustic noise in speech using 

spectral subtraction" , lEEETranSo ASSP, Volo AS 
SP-27, Noo 2, April W9)lz^stmiM7s^^ hMz^ 
@L;fc, h^t)^^X^i^ h :/ 3 y (Spectra 
I Subtraction : SSY^^^M^^tt^^co'V&^o 

[0 0 0 3] mi 3^ffll/^T#r?B¥8-221093^te:r?S^^ 

^e:$5v^T. i 0 1 ity u-L.immm. 1 0 2^^±mmf 

mm^?>, 1 0 3ti:ffiii7-Ux^»M»o 1 0 4i^±A 

yvM^m. 1 0 5im^m&i^. i o e^iNRiittw 
gp, io7^^Hnffiitm I osi±y^}iy^mm^^. i 

0 9t^A^yFa»gP, 1 1 0fi;X^^ h^AfilEgp, 1 
Wm, 1 1 3^i^FM-^A:tfffi?, 1 1 4^J;^^ffi^ffl 

tis^. 1 1 5^i, i 1 4i±mw^m. 1 1 5^^ffltfM 



1 2 1 ^i:RMStt»gP, 1 2 2 ^J;ffl?^x^.;l/4^^tfS: 

gp. 1 2 simMmmm, 1 2 4^^ffis$f^i/-<;v 

tf»:gl5, 1 2 5 ti^*SNR|+»g|5, 1 2 6(i$t^X-^^ 
[0 0 0 4] l^T«O$|^ppflESH^0»lf^IgStCOV^ 
[0 0 0 5] ^Pm^XM^'^l 1 3^^:tJ:. ^pm^ 

[0 0 0 6] 0 2 7?^i, ^S:^7-UxS 



1 0 1 J;DS^&n^^7l>-i^ft:fi-^yfrai„e[j,k]«^ 
hxm.mmmw{it>n^. fetch, \\t-^y:f)V^ 

[0 0 0 7] i^M7-"Ux^^jasgpi 0 3T1J;. m 

x^i^Y)vmMm^±. ^^vF^'-fjgRi 0 4Tmtfi8^^ 

yplzi^^ffl^n^o iico^^yK^^M^n/cA:^#^x-^ 
^b;VY[w,k]^i:, X^^F;WiiEgPl 1 0. 

10 5 rtoH^X^^ F;I/»^gP 1 2 6 $5cfetfHnfgff-» 
gpi 0 7tc3^e)n^o wii^^y F#^Tfe^o 

[0 0 0 8] M^. mUW&Ul 0 5JC$5i/>T^^, 71/ 

- Af[^#%f r a. e [j , k] ^ ^ EBfJ$ n. 

»^^ftS^n^7l/-i.^^«ffi^ri^t«^C, «g« 

«ASNth:6^^NRit»:gp 1 o 6tc}M^ti^o 
[0 0 0 9] RMStfffgl^ 1 2 1 y\y-hm(D^m 
-^^^''^2^¥±^ffi0¥^II(RMS :Root Mean Square) 
(OmnmihH. RMSflRMS[k]^UTffl:;^^n^o 
[0 0 10] ffl*fx:t^;l/4^^ff-ggp 1 2 2Tii:, ta7 W 
A^^^tOM*x^.;l/4^tHaT^mk7b-AOffl^^x 

[0011] «ARMsit»:gp 1 2 3T^^^, mm-^^mt. 

Afi, v^l^^^>^SA;SNttt;£Ma^>^^^^i^^S^^A:RM 
Sfi;^}^^^i6 ^ tl, BARMSHMaxRMS [k] t b T ffl^i ^ tl 

'So 

[0 0 12] JS£^§U-<;l/it#gPi 2 4T1i:. ^Vy^ 

»ji?5:§/jN^DRMSfi^^ il7 &ilS7 1/- AOS 

5^? fi ^D^FjTffi/I^^E (n - ;^ ^ X A fi) CD 1^ 0^/jN|t:^^ ^ 
SK^n, Sg*t§l^-<;I/fflinRMS[k]^LTtoil^ti 

[0 0 13] SASNttft-ggn 2 S-rti, SARMSfEMax 
RMS [k] 43 i: b-^;VffiM i nRMS [k] ffl V^T , g 

[0 0 1 41 IS§X-<^ F;VJi£g|I 1 2 6T^^i, RMS{|R 
MS[k], Wx:t^;l/4^; JiSltgly-^;I^MinRMS[k], ^A 
RMSfflaxRMSM^ffll^T, fffitt^X-^^ h;V^D^r^^ 

40 [0 0 15] NRfittffgpi 0 G-^ii, m?tJc7^;V^j£; 

[0 0 16] Hnffltt-^gp 1 0 7Tt^, ^ F^^fJ^tlfc 



i^ffiSflNfck]^, NRfiltffgPl oeyb^^ffitf-r^NREw, 
k]^ffil/>T, AA«^^^^«§fl^^PtST^/ci607 
^;]/^Hn[w,k]:&^^t^o CCT*^^n^7^;l^^?H 
n[w,k]t^, «S^^^:6^^^jt5>^Dt.A^<^^^SPE 

50 nm^m^^jit^^^^sTo 
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[0 0 17] 7i';b^J!iag|3l OST'tt, 'y^lV^'An 

[w, k] minwmnu^^-^nmmi5m^^mvt'ii 
[0 0 18] M'yFSftgisi 0 g-ptt, y^)V^mmm 

1 0 8*^6©;'!^^F^i■SlJSnfc7^';V^^I^3M]SS7- 
[0 0 19] m»my-v:r.^mmm^i i i-r-a. x 

-^^'ht^i.fflaaji 1 oT#p>t^fc$t^«#^^fflv^ 

T. 3*^937- Ux^»®a;&ffV\ ffStlfelFFTfi-^ 

1.1S<D I FFTfi-Sf 07 A«^3P^]HtOl/^T©afe-a-t> 

1 1 Ati^P^mtj-^n^o 20 
[0 0 2 0] 

h)V^mi:t^tc>i><Dy^}\y^^^^yU~L.fyiD'^P 

fflS^T? ^ S -r tife o-r-a& S J; * PpBS^^S 

5„ 50 
[00 2 1] S^^fl^U-<;bi:aSSNi:tfcffi#L:fc 

[0 0 2 2] ^tz, m^m^mm^^rammMm 

It, Ji£^t^fl^*^5iS®»^tflJ^$nfc:7U-AcD 
;l/ SfJffllK ^ ^ ^ U S i6. 3iJS^D^lI|^*^■^f 
[0 0 2 3] oO|§HB±, *^*^SISg*»!*fS/cJ6t 

[0 0 2 4] 

«g^^^3^/^T, xtim^^yi^-micm^mj^^ixLr so 
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fc . xtiM^y u-i.(Dm=& l $ ^sf us-r 

[0 0 2 5] Sfc. COfgiKt^StS^SPffSStts M 

vMm^^ymm^w-m^y^^'^ vMmf 
wmx-<~^ V)Vifsxx37.^^ Y)\^W£^'-(y%mmm 

t.^TKmS*SX-<i7b;^o^S*ifitjaSiSJi3ic5^-«offi 

tT5/c26©li^^iX'^i' F;b«iE^'-i'>«rff tilths 
[0 0 2 6] Sfc. C©f8BI3t-^S$6§a]JISBtt. Sri 

iai)fF^/Ji»S^#l5*^?>©A;'jfii|iiX-<^' 

?.©*iw«x-^i' V)\'-^mLmmMmK^mu 

mm^m^mm^. x-^^ V}miEV^ymmn\^ 
mk^^xsmiEf^y^mmt, xtiwm^^^ Y)1' 

*3i;r>"^§»iX'^^h;V©^D(c, x-^i' F;l/^«^^ 
*J¥©*^ W^-r S A:^3»lx-< h ;l/*5<); Sit^^lix 
-^i' b;l'©^MIiSS(#ii^©¥iSX'^^ ^;^^ffll^TX 
-^i' h;P}iti{fiiJKM, ItSfifMX-?^' F;WfiE^^Vy, 

[0 0 2 7] Sfc. iiojgfifc^Sli^WjESfitt^ m 
fBX-^i'b;l/ffiiE'y'-i'y^ffi^a*\ AAft-^©tt^fc 
jSDTA:^MitiX-<^ F;V43irf*S§Si|iMX-^i' h;U© 

lax'^^ Y}V(D^m%Wim^^TXtiWM7.^^ h;i/$3 
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[0 0 2 8] $;fe. ilO|gBj§t#S$t^«]jEgMtt. tu iO 

^Jim#ft?s©¥i^ix'^^ h;i/?r»;m-rsx-^i7 

ig¥i£lX-<i' b;l^fc^M«^^lS©«^Sfs¥i£lX-^ 
ti¥i&x-?^' h;l/t^ll?SiS[?fJ«So«^Sfi¥i£lx-^ 

[0 0 2 9] ^tc. ccomMimm'&ms.mmii. a 

*#^©m^tjSiiTA:^]JgtBX'^i' h;Vtec};tf«Sig 
*ax-^^' h;i/©¥?tm*»ttl-rax-^i' h;b¥if« 
©m^at, Mfax-?i' h;l/©¥if «^fflv^TA;^iS 
igx-^i' h;v^3j;tf$l©fii|ix--^i' h;V:&fifrtg/MlSI!( 
*|p]t¥?tL. ¥)t{t:A*»iX-?i'h;i.j3j;y¥)f{k 50 
tl^»MX^^ h;V*ffl;'3-rax^i' h;V¥)f^l3i:* 
MIHSE^Vy^tH^g^^ A:tiSlMX-^i'h;V 
fc«S»BX-?^'h;l/0«t)D{i:. ¥if f[:Ati»MX-< 
^7 b;l/*5j:r;¥it{t:*t^liifix^i7 h;l/*3<ttfx^i' b 

[0 0 3 0] S^c. ii©|gHJ§t#S$t^W]]ESB(i, tu 

^JiS?i!r#M«oTOX'^i' b;v*»tti-rax-^^' hjv 

;l/$5j;tfil^fi*MX--<^' b;l/©'f-^Ofe, Mt2X-<i' 

[0 0 3 1] tfc. ii©P8BJ!tz:-RS$fm«]J±SHfi. lu 
fax-? ^ b ;V¥)t^i{Wffl#®*\ L ^ ^>^jf #® 50 



#^2 0 0 1 - 1 3'4 2 8 7 
S 

[0 0 3 2] 

[%BJ3o**omi] mmomm 1 

[0 0 3 3] HI itccommm'smmmm'^mmom 

m 1 ©«^^Nt-7"D i^HT-feSo 1 aA:^fi^iS 

2 ttPf F4/Ji?g|M^m 3«^P.L*^W 
a 4aii§a*MX-^^7h;bgtHfia 5l,AX^i>h)V 

^$3. c©^Sfi©jgffil X^^b;l/MlEy'i'>fW 

PI 5 ffiE^V ygtti#a 6 TX-?^ b 

[0 0 3 4] PJr-^o-^y/vyifm&m&mimz)!:- 

j^m^titcxm^s [t] is^xtim^i^^ 1 J; D A*^n 
5o :r ©A:^ffl-5§s [t] i,i=^mm^mf(Dt§^t,&mm 

[0 0 3 5] P#Pfg/ji«^^^©2a, &mi256j^f 
FT ( Fast Fourier Transform : Ux^ft)^ 
fflV^T, A*«^s[t]:&»iX-?i' b;vs[f] tffifflx-? 
i' b;PP[f](tS»-rSo ^feFFTtt^ft]©#feT'S5© 

[0 0 3 6] $fl^P.L$^ff#a3fi, Sff^^iJ^^«t# 

ffiM^j^ai 3, MffjismsiS^ a 1 5a^&« 

^tiSo S-f, n-/^X7-i';P^ 1 1 '?A*€-^©7-i' 
;l/^5aa*fT'/^n-;'^X7i';V:5?€-^^#ao co^-r 
;V^©*>y b^7iiSS{aM^lf2kHzfc-rao o-^^X 

7 saa^ff 5 ci i; -pftft?«§©»»^ffi m<c 

[0 0 3 7] ^^fc|gj^^ilij^)-^ff¥® 1 4^0-7^X7-1- 

v^T a -7 ^x 7 ;l^;5'fi^3-^jM7 -r 5fta L 

mt)^mtZo JH/^TgHw^)-w#®i 3T% 
p-7^x^gffi^©iiiaffiH^^ff*ffv\ iE©tf-^tf 

[0 0 3 8] Sff3ifimj*£#© 1 5tt, ^!lx.lfHum 
©RACirax t, ii7P-A©a->'^XSM#^©''^y-Rp 
ow, A:t;#^4S? 1 i: »3 ©S7 U-i.C^^iS/ W-Fp 

^t$t^S*iX-^i7 b;l.Mff3iamr*»ffl-r§„ 

[0 0 3 9] ||W?>L^U>^;1/Nlevea±, RACmaxt, Rp 

ow, Fpow^&fflV^T, OTO^l'-^WcioTft^StlSo 
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fetch, RACth, Rpowth, Fpowth^i^n^^ngHffiMS 
start: 

Nievei = 0 ;;; H^SL^ 

if ( RAGax > RACth ) 
if ( Rpow > Rpowth ) 
if ( Fpow > Fpowth ) 

output Nievei ;; 

end: 

[0 0 4 1] V)\ymmm.mirit. # 

[0 0 4 2] 
tl] 
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(6) #M 2 0 0 1 - 1 3 4 2 8 7 

10 

[0 0 4 0] 

Nievei = Nievei + 2 
Nievei = Nievei + 1 
Nuve I = Ni eve I +1 

10^ [0 0 4 3] m^wmy^^^V)\^w\^^fkAit, 

^ (1) (D^^mmmMTs^^ym 

, [f]^0M»f^tTao Noid[f]^iM»ftuO*i§»lx-^i7b 
;K Nnew[f]^iMfTttO*|^tir[!SX^^h;l/^^§o J^3( 
^, llSfitlX-^ ^ h m [f ] ^i;M«C>«^StIX-^ 
h;l/Nnew [f]0^ ^^Jg-r^ ttt^o 
[0 0 4 4] 



^0 



Nnew[f] = (1 " r) -NoidCf] 

[0 0 4 5] It^giHX-^^ h;l/N[f]^Dafi9fi 

[0 0 4 6] x-^^ vmiEf^ymmnmm 

\t. ^PS/Ml«S^^®2 0ffi:tf^^Ati»ix-<^ 
h;l/S[f]45i:tJf^%WiX-^^' h;I/*tti^a4iDffi:^t 
Ps(d8) = 10 logio (I(S[f] 
[0 0 4 8] ^^JcS (3) ci;D$(mStiX-<^h;l/N[f] 

g/jNffl (-r^ix-^;!/*) ^^t"mSi?^SSTfe ^ o MAX (a, b) 
Pn(dB) ^ MAX( -10 logio (E(N 

[0 0 5 0] mh^x. Myi^-h±mmmm(ox-hM 

^^It^fi-^OSNibsnra 1 1 ^. tuffl©Ps$5 J:r>Tn^fflv^ 
TS (4) i;D*i6^o 
snrai I (dB) = Ps + Pn • • • S4 
[0 0 5 1] MV^T, (4) T^i6fc^^J^SNJ:tsnr 
aii:^ffll^T, S (5) ^cl^oTSIgfifMX-^^'b;].!! 
iE^VyMML«^5*£L. tti*t-^o S (5) 



+ r-S[f] • — Si 

★^*t^»MX-?^b;l/N[f];^fflV^T, «^WiX-^^h 

30 [0 0 4 7] Xt}MM:^<^VM[f](D^^u-?s 
(Tiy^jm)^^ (2) i:D*^^o 



S[f]) ) 

•So 

[0 0 4 9] 



S2 



[f] 



N[f]), PnuiH ) • • • S3 

ffl II I N {iSt^SfiX-? i' b ;l/SiE^V y©g/J^^t(dB) T 

»t IS 0 ^ €>^;^fIU 5 5? Tfe^So mi tsnr^ 1 1 

fc^f-rsiC (5) (01^ (omtomm^^to 

[0 0 5 2] 



(7) 



II 



iff M 2 0 0 1 - 1 3 4 2 8 7 
12 



[0 0 5 3] mi^r^ (6) ^fflv\ xi3is^^^u-?s ^ i^mommmip^'AMha^t^o ^$5, ipit, m 
^^^'y-mm-v^m&o&m^^&^o v^^^t&^^o msKPsicMt^^ (7) toi^os 

dPs(dB) = Ps - Psth • • • S6 70 ftottJf^^&^fo 

[0 0 5 4] Atffl^^W-hKil^OMdPs^S^fc [0 0 5 5] 

dPs < 0 

Pn-dP sdPs>Qi)^^Pn-dPs>Q • • • 7 

0 Pn~'dPs<0 



L^(dB) = 



[0 0 5 6] ffliE^Vyffffl^get^. ll«fi^lX-<^ 
[f] ^^lfmmMX-<i; h M [f ] fe'i; «^fif§x ^ 

r2oiog,,(4f]/^[f]) 



[0 0 5 7] ^t, A*f»IX-^^b;I/^tt^S*lx-^ 

20 ji(o^mmM^m(Dsmsms p [f] ( s ) ^^s^ 

[0 0 5 8] 
if4f]>Ar[f] 

f = 0, ,f„ • • ■ ^8 

else 



[0 0 5 9] JS^Sfpix^^ h;WiIE^Wa [f]^, ★Tp:tii^^o S (9) 4^€>lt§;^y-cDfi/hfflPmiN^i 
S (9) (8) 'e)R^rcmmm(DSH]:t$nrsp FirS^Ogii-^^^o ^/c, MIN(a,b)J^ 2oo5iaa,bO 

;bSlE^Vy0MPMfflLa mMMMa [f] ^^fflv^ ★jo [0 0 6 0] 
gaina = MIN ( snrsp[f] • Wa [f] + Pn, 0 ) 
a [f] = La • { ( PnwiN + gairiff ) / Pm\H } • • • ^9 
[0 0 6 1] S (9) ^mi-^^ctlz^^, snrsp[f]:6^ 

in« :6^At < ^ t) , ^OlS^^^fiffiX-^^^ h;l/ffiiE^^ 
^:5o IIl9Je:snrsp[f]tc»t-^a[f]0SfkOMff^^^ 40 [f], tt^fifflX^^ h;VN[f]. KM^W/? [f]fc'j:tf 

[0 0 6 2] :^$5, mMmma m^±mi&w.f^^^'y^ t^o 
-^thtcpfi^cDm^^mk'vhb. mmkti^M<r^^ [oo64] 

gain^ - MIN( snr^^ [f] . [f] + , 0 ) 

[0 0 6 5] ^ (1 0) snrspLf] ^cfc^v^T. SNtt/b^^ftl^X-^i^ ffi^f^tt^ 

^<^J9. ^o$gs«§^sx-^i7h;i.aiE^vy/3 mm±mimMm^^<^£^. m\ o^csnrspm^t 



K<% m 1 1 ^cw« [f]£D«ff^^5^to 

[0 0 6 3] m-T. ^(10) ^2coa^!t 

Sx-^^b;WiiE^VyiS[f]^, A:^fitix-^i7hM 
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[0 0 6 6] fs.^. mnmm» m\,m^<mMmm 

[0 0 6 7] 7.-<.i^hmW-^mit, S (1 1) CDX 

N [f ] ftSE^v ^'Wta^is 6 i)'^mtmmM:^^i^ 

^'^'^^"{o or «[f] 



(8) #M 2 0 0 1 - 1 3 4 2 8 7 

ffiv>s^(i$swx-<^ h)\yi^^(D^\^f:)m^, sum 

10 [0 0 6 8] 

if SCf] - «[f ]. Afff] 

else ... ^11 



[0 0 6 9] 7.^^ h;l/plJJE#S8fiie (1 2) 

5o miE^^ynmmom^miiy^^i^ 

^ctKi.-DT, ±}iox-^^ h;l/iiS»¥®7{c*3tt5 
X--?^'h;l/?|S!3SDOS@li^*5j;y~, X-?^ 
*©|g«4 C S AXW^^ (^^WH^ : mus i ca I no i se) 

[0 0 7 0] Sr[f] = iS[f] -SsCf] • • • Si 2 

[0 0 7 1] Mmk/mmmmR9ii, mm/mB. 
mm^m 2 omco^im t d , &mmfn^n-D t^2 

©Sii^l^Sx-?^ h;bSr [f] tffiffix-^i' h;l/P[f] 

?i 0 i 19 tii*-rso 

[0 0 7 2] UMIX'^^' K;^^^-^^ a [f]**i 

3fi<St^X^i'b;l/fig^;&?ISS^i;Kif), fgSN^© 
Jiaf©X'^i7h;l/§l£D^«]x.i.<ii:AN-T-t. S/i. B 
tltSX-^i' b;WliE')^i'yiS [f]^^1©li^ltSX-? 
^ h;WcSUSc:fc{z:i-3T, x^^ h;l/!iWe:$3^t«. 
X'^i'b;I/?|St3^!3 0^@$ft^*5j;aP, X-^i' b;l/!)S 
U S AXfi^li^ :mus i ca I no i se) 

[0 0 7 3] f /i, {gSNmi:ttiiiHW)E^i?i6. ifSN^ 



-<;l/tjSCfcX'^^ h;l/ii»fcJ;y~X-^i7 h;V»WljE 

^^Ef^{i:t5iJ-S3iaox^i'h;l/M]ffi*K&± 
[0 0 7 4] mM(0i^M2 

i^fc. ii©iep^©ii^5PEgg€)^ffi®mi2*Hffit 

[0 0 7 5] 02 ttHSfioffJII 2 0«^;&^-r :/n ^ 

mwmm2 1 ^Jitfx-?^ h;b¥jt^a2 2%iatt 
[0 0 7 6] x-^^ h)V¥m%mwmm2 1 a, ^j^ 

[fi]OTO}cffli/^?.X-?i'b;l/^P^*^WI«yt. X 
■-^i' h;l/©ji)^i(W;^(R]©¥ittfe'^v^sX'^i' h;l/Ji 

[0 0 7 7] *i^6L^tmLT¥)f«;&»ti}-ra 

ismtLT, &mi, «2fc^-r±3^*t^?)L$u^ 

i6SJ;5^¥it«yt, yf*Sfi?Ltfl:^3-r?.ii i:A^~R[ 

[0 0 7 8] *2 
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(9) 



15 



WIS 2 0 0 1 - 1 3 4 2 8 7 
16 



^ O 1^ ^Z*^ 








0 




0.6 


0.7 


1 




0.6 


0.8 


2 




0.7 


0.85 


3 




0.8 


0.9 


4 




0.9 


0.95 



[0 0 7 9] X^^h;WJt#l52 2^J;. S (1 3) , 
S (1 4) \zm^\ ^f^^fRiT?f«yt, II^6Si:$fp] 

[0 0 8 0] ^f^, S (1 3) ^fflV^TAAf»§X-^^ ^ 
St[f] = yt -SLf] + (1 " yt) 
Nt[f] = yt • N[f] + (1 - yt) 



[0 0 8 2] ^l^T, S (i 4) ^fflV^TS (1 3) T 

Ss.m = yf • St[f] + (1 - yf) 
Nsn,[f] = yf • Nt[f] + (1 - yf) 



[0 0 8 4] SiE^W^ffi^ge^i, A;^Wix-^^ 
b ;I/S [f ] ^ i: r;*t^SitMX-^^ Y m [f] ^^-^ D Iz. 

'20 log ,,s,^ [f] / N^[fl ) 

snr^.,,[f] (dB) = 



t [f], ^F^7JfRi¥?l«^filIx-^^ h;l/Nt [f];£Wf±i 

t-^o S (1 3) 4ltDSpre[f], Mpre[f]^i:^tl^^ntu7 

[0 0 8 1] 

• Spre[f], f=0 fn 

• Npre[f], f=0 fn 

• • • xSl 3 

[0 0 8 3] 



St [f-1], 
Nt [M], 



• • • Si 4 

i*r [0 0 8 5] S (1 5) ^ffll/>T, TvfftAtffi 

ffix-^^ hMs. [f] ^¥?l{t:ttS»ix-^^ h;i/Ns. [f] 

[0 0 8 6] 



f 0,..., fil 



else 



^1 5 



[0 0 8 7] Mz. ¥?tftSNi:fcsnrsp-stn[f]^ffll/^T, 
(1 6) ^'cktfx^ (17) f)^^. ¥rlft*t^»ix-^ 



[0 0 8 8] 



gaina = MIN (snrsp-sm[f] • Wa [f] + Pn, 0 ) 
astn[f] = fliMAX • { ( PnMiN + gaiPrt ) / Phmin } 



Si 6 



[0 0 8 9] 



gain^ = MIN ( snrsp-sm [f] 



[f] + Pn( = jSsiiN), 0 ) 



[0 0 9 0] ¥?t{t:SNl:tsnrs.[f]^fflV^TffiIE^Vy^ 



50 



• • • SI 7 

[0 0 9 1] S (1 6) tS (1 7) ^C$5t/^T, 

tuiS€>^]MomiUi:fe^t^S (9) $5i:tfS (1 0) 

La . $>j:t>^^^itsx-^^ vMm^'^ymmi^ ^ 
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[0 0 9 2] 



17 
(/Skin 



pn), ^n^em&o 



[0 0 9 3] ±tB*6§^£x-<^ h;V0?Fm«a?i; 

[0 0 9 4] ^ft©ff^ll3 

usicff^ii 1 m\mmt lt, mmmm i ©sggt 
[0 0 9 5] 7.-^^ V)m'iE'f^ymmmn\^ms.5 



SVi?^(£!B)=101ogi, 



(10) 2001-134287 

* [0 0 9 6] miE^^ywrnmit, x^^vmm 

TiffkJfMlx^^' f;VNs» [flMtftx-^^ VimiE 

^1- >'$ijpsfi»tB*a 5 *^ e ost^s^sx-^ i> v Mm 
f-cy^mmia , fej;t>*j6^it*x-^^ h)imiE^'-^ 

(9) JsitfS (I 0) »§fii!iMX-^i'h;Ht 
jE-y^-Y y a [f ] «3 J: tf $(mi^SX-< ^' h )miEf^ y fi 

10 [0 0 9 7] flil©«}r-3t/-«Tt4*iffi©Bil 1 fcAtfH 

[0 0 9 8] ccommcoiBmcDmis.^t:£,cfv, mm. 

[0 0 9 9] MMcoBMi 
20 T'feSo 

[0 10 0] x-^i- h)]y¥'mmnmm2 1 t 
•fiC (1 8) ^m'Tmyiy~i.(oxtjmcDsmsm 

[0 10 1] 

S[f] 



2:Af[f]»^[fi 



5tl 8 



[0 10 2] i^fc, S (1 9) J;!). 7U-i.©SNi;bSN »S©ig|«^lH]©W#(i:fflt,^5X-?^ I-;l/iSl?SitS-lR]^?t 
<^ b;I/^P^S(R)¥it^lJf©{B©«ftyt'. X--^i/ [0 10 3] 



0.9 if SNR^ > SNRH14 

0.5 else 



''"lo.f 



,J.9 if SNR^ >SNRth^ _^ 

7,'= I * * ■•■^19 

else 



[0 10 4] m^^X, (2 0) iD, fi©¥)f^i(y 
t', yf'^M7b-A©¥?f^i!y (old)t. y (old)f* 
fflV^TARTO*fft/\ X-<^h;Wi$P473[Rl¥>t«yt ★ 
yt = 0.8 • y t' + 0.2 • y (old)t 
yf=0.8-yf'+0.2-y (old)f 

[0 10 6] ccomm(Dmm(D^5ic, xtjm^(Dsm 
T^tBLfcX'^i' hMm^^y^m^^rm'SmEmm 

c tT, X;b«^©SNi:btjSl3TX'~?^7 h;!/^! • 
yi'>'©«*W1-Sc:t*^T-^. Mx.a', W^WM 
^^©fgSN^^c*3V^T. JtSltSX'-?^' h;l/©Pt^;^iR] 
*5j;y'Ji«^[n]©^ii^^WPl-S c t-pt S© 



★teitfx-^i' h;m«:5in]¥!filMyf«-W:/]-r So 

[0 10 5] 



• • • 3^2 0 

[0 1 0 7] mmommb 

h ^i/ajE^-f y^i^xsmm^^x^^ h miE^-^ y^ 

[0 10 8] c:©ilSfi©mi5i?ttx-^^ h;l/ffilE'yV 
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19 



Pn,„.(dB) = MAX(-101og,„ (^^N, 



#M 2001-134287 
20 



ymmmwm^^ s commie, mmm/wmmm 

So 

[0 1 0 9] x-^i7 hmrn'Mi^ma, AAaix-? 
i^h)iy^, mx.mecDwmie'^mu s (2 o 

Ps,^ (dB) = 10 log,„ (^S,,^ [ch] • [ch] ) 

Jch]-N„ 



* [0 1 1 0] 



f 



^2 1 



[0 1 1 1] -ov^T?. X-<i'b;l/ffiIE^^VyMIffi^ffi 
^©5tt, S (2 1) T-jKJ6/c:f-v^-.;VgiJ©¥m-?^ 
h^WaveCch], Nave[ch];&fflV^T, (2 2) J: I) 

W -PSa V . $5 J; Jt^ffl-^t^ ^y-Pnave^*i6, ^ 

Co 1 1 2] 



.[ch]), 



snr. 



^2 2 



^0 



CO 1 1 3] 0•c5l/^T, ±T&(D^m(OmmommUC» JJ^cDSNitsnrspEcW^S (2 3) J;!35t<J6, ^tl^ffll/^T 

#f-^:t-;l/ttfc^^fii|iX-<^ h^bffllEyVya [ch], 
lim£X-^^'h;miE^V>'jS[ch];&»m-r.So No, 

Co 1 1 5] 



i-tSPs, PnOf^tji^fc, ±fBt#P.ti;feAAff-§-^^'7-Ps 

ave, ^gffi^^^y-Pnave^fflV^T, Jt^SlIX-^^' h 

;«iEy"'f'>fiJMLa , li^ltSX-?^' hMilE^'-i 
[0 1 14] ffiiE^Vy»ttj^S6Tfi, 

f201og„(S.„Joh]yN.^[ch]) 

lo 



snr. rch](dB) = 



if S„Jch]>N. 
else 



Jch] ch = 



5^:2 3 



Co 1 1 6] x-^i' b;WiW^a7, X'^^ 
ISSTtt, «-'^A;tisn;feffilE^V:yA^t>. x^i7h;v 
^fig^Hcm-rstt^JgPL, x-<i'h;i/ic»:fcJ;tJ?x 30 

CO 1 17] mm 

Co 1 1 8] *fflomi6 

4 m\mm t lt , Atijgitix-^^ ^ 

l5©¥i§x-<i'h;^*ffli/^T, X'^^b;V¥)f«*S 

Co 1 19] il5t^5l^T. 2 3 atuiaBf H/iUMM 



tt-»siix-<;^' h;v^ffi#S*^p.o*it»sx-< 

¥i£lX--<^ h;l/^»ffi-r§x-?i7 h)\^^W.^m^m-r:& 

Co 1 2 0] X-^i' h;b^«^^fJ¥IS2 3(i:, ±^coA 
(2 1) tmatLT. A:ti®*iX^i' h;l/*^!Jx.a'l6 

©^ft?ft^^*jL. ^n^'tLo^m (^^^^jwhms) 

to^.^TA:^#■^^o¥i^)X'^^7 h;i/Save [cWfecktf, it 
^n^(DW-m:^^'> b;l/Nave [ch] *«l6?>o 
Co 1 2 1] ■O'Jt/^T, X^i' h;biFif^i(»l±i¥S2 
1*\ AAfi^o¥l^X-<i'h;Wave[ch]. ««fl^© 
TOX-^i' h;l/Nave[ch]*^e., S (2 4) ^ffl(/^T:S7 
A © A*€-^©SNJ;bSNRf r - a v e ;&5f<J6 5o 
Co 1 2 2] 



SNR^._(dB)=101o&, 



^2 4 



Co 1 2 3] ±m(Dmm'ommmm2ic&fz 

iS: (1 4) io^tl^ (15) :&fflV^T, ±ai©7l'-A 

©SNl;bSNRfr©f^it>t) ¥l£)X-^^ h;l/^fflt/^Tp:tli 
Lfc7P-A©SNi;tSNRfr-ave^ffl(/^T, X^i- h;W 



50 



Co 1 2 4] X-<^ h;l/Wm52 2 a, S (2 5) , 

S (2 6) fn»\ ±ia¥i5iX'^^ h;l>*^?.t#e.txfcPf 
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tim<DW-i^7.<^ h;l/Save [ch]*3 itfUmfl^O^K) 
X-^i7 hM=ve [ch];&Bffig^|plfeJ:y'li)SSSj;3lR]t¥)f 
b, ^m\tXti^^7.-^^ h;l/Ss™-ave[ch]43j;OT}ff 
Iklit^T^T.^i' b;l/Nsm-ave [ch];&gt±5tSo 
[0 12 5] S-r, S (2 5) ^fflV^T. A;^lM^(DT 

St-ave [Ch]=yt • Save [ch] + (1-yt) 

Nt-ave [ch]=yt • Nave [ch] + (1-y t) 



CO 1 2 7] I^V^T, S (2 6) *fflV^T, S (2 5) 
t-ave [ch], ^H^lBl¥)ffl:li^fi-^©¥tSlX-<i7 h;VN 

Ssm-ave [ch]=y f • 5t-ave [ch] + (1-yf) 
Nsm-ave [ch]=yf • Nt-ave [ch] + (1-yf) 
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^ft^OTOX-^^' h;l/St-ave [ch], ^l^lRl^mfiiKi 

^-fl^cD^l^IX-^^' h;PNt-ave[ch]%»tiS-rSo S (2 

5) PflOSpre-ave [ch], Npre-ave [ch] a^^^~tlStr7 b 

[0 12 6] 
Spre-ave [ch], Ch=0,...,Nch 
Npre-ave [ch], Ch=0,...,Nch 

• • • 5^2 5 

s»-ave [ch], ^mWM^mmT.-^^ h;L'Ns.-ave [ch] 



[0 12 8] 

St-ave [ch-1], 
Nt-ave [ch-1]. 



[0 12 9] miEf-(yn^mk&i<t, wtxtiwm 

x-^i' h;l/Ss» [f]*5 j:tf¥if^kJi^fif§x-<;^ VM 
s«[f]©i^t'!3fc, ^jffbX*ffl^cOTi£jX-<^ 20 

s«-ave [ch]*5<J;tf^)tfklSWS1liX-?^ h;l/Nsn,-ave [c 

Va [ch]*3it>'$it^Sx-<^' [ch]?:* 



ch=0 Nch 

ch=0,...,Nch 
• • • 1^2 6 

[0 13 0] ^ (2 7) %fflV^T, ¥)fft:X;f]fl 

•^©¥±SlX-<^ h;USs.-ave [ch] i:¥)f fkltWiX^ 
^ ^;l/Ns™-ave[ch]^fflV^T, ^^"V ^;l/«©¥)f f kSN 

ttsnrsn-ave [f] ^SR^iSo 

[0 13 1] 



^2 7 



[0 13 2] M^. ¥ifft:SNtbsnrch-s4ch]*ffli/^T, li^^' h;i/ffiiEy'i'y /3s. [ch];&»ffl-ra= 

(2 8) *3j;t;S (2 9) TOfk^SWiX--? [0 13 3] 

^ h^WiiEy-ry as« [ch]fc<kO~. TOft:li^^SX-?i!r 

galn<«=MIN(snrch-sm[ch] • Wa [ch]-l-Pn, 0) 

Q!s«i [ch]=auAx • {(PniiiN-fgalna )/Pnii(iN} • • • i^2 8 

[0 13 4] 

gain^ = MIN ( snr.,.,„ [ch] • [ch] 4- Pn( = , 0 ) 



[0 1 3 5] w±, %^nfcw-mimMmmx-^^ 

MIEyi'yas»[ch]fcJ;tf. ¥!t^l:*t^^*x-?i7 h;l/ 
ffijEy-ry i3s«, [ch]?rfflv^T, X-^^J' h;l/ilt»*3J;tfX 

[0 13 6] c(Dmmmm<Dmmt^ct't:, mm 

[0 13 7] *ffl0J^ffi7 

mmmmsmimmtLT, ±Kmmmm5^i^ 

[0 1 3 8] x'^i' hmm^9msi2 3imm<Dmm 
6 i:iii«fcA:tis*ix-^^ h )vmmi(Dmmmmi,^';^ 



fJL, #Ili6^^««©TOX-^^h;l/;&»ttltSi:ft 
(c. ll^Stsx-^i' h;l/»ffi¥l§/!3^S.€)^«iX^^' 

40 [0 13 9] X^i7 h;l/ilz}f¥S2 2tt, X^i' 

•?t«»m#S2 1 3b^p.t#p.tifc^H^fS]T)f « 

yt, iS«^^¥m^SSfyf*fflv^TA;f3«^®^ii?S 
X-^^ hMave [ch]*3±tf^§fS-^cD^ 
Ml?SS!{^^«©¥l£lX^i' h;l/Nave [ch]^^H:S-[R]*3i; 

s«-ave [ch]*5<fctl¥it^l:ll^¥i£lX^i' h;l/Ns»-ave [c 

[0 14 0] ov^T\ x-^i' h;l/ffliEy'('>$iJPM*W 
*S5{i, ¥)flbA;']¥±£lX-<^' h;^Ss»-ave [ch]*3<i; 
50 OT}ffkii^¥m-?i'h;i/Nsm-ave[ch];&fflv^T, 5^ 
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(2 2) i;DA:^€^''^7-PsavefeJ;l>'$|^fl^;W 
-Pnave*5l<y), ^?i?«SNi:tsnrai i-ave^^toSo PnuiN 

[0 14 1] -3-3V^T, ±M©IS0l!©llffiomi H^*5 
Pn©jtfc!9fc. ±iaf#P.tlfcA*«^.'W-Ps 

ave, li^fi-S^Ay-Pnave^&fflV^T, il^filMX^i^h 

[0 14 2] ^liE^Vy»tti^l56-ett, ^^^^m 
®SNl:tsnrsp[ch]^S (2 3) iDiRii, ^tx^fflV^T 

[0 14 3] ffi©«fiSc{i:o^/^T^i*SS©m^5^5<fct^ll 
[0 14 4] ^®^]l©j^filo:P)S^fcs^k-e, 

(Dmm 3 *^'Jt-35c/imKtox. T, b jmiE^-i y, 

X^^ h;l/^if«;&»ffi*5i:tfX'^^ b;l/¥)f 
[0 14 5] 

[0 14 6] Wlig-^fcJcdtCO^B^CH^ttlffiSfi 

»tH*nfci^^»Ix-<i'b;l/i:, A;^iJi1'ix^i'h;l/ 

y^^ism^mi:^.-^^ hMmf-^y^mmL, mm 
•^^ hMz, MmmjE^^ywm^mif^miitm'sm 

^x^i'hMm^-^y^mi^^'Z, S2©«msx-^ 
^'h;l/^ffl;f]L, Miail2©lieitSX-<^h;l/%^^ 
ttM^ta»LTv^s©■^:^ IgmHiifcAA^^ft-^ 

J;tfX^i' h;bJgitiI«i)Ii!ia*lToTi/^5©T, MS© 
X-?^7 h;Pigt*«5j;tfffl])£Wt<fcS|gBi©lM^^X 
■^^h;l'^Jgmii:'©?il4^1»ihT-t, Jfl^KH?©i» 
§«)JE«*At<«-3;feSS;, ^I^KP^fcfetj-Sjia© 

[0 14 7] afc, »^^SX-^i7h;V^ilE^V>';g|| 

tf, x-?i7h;bii»©fem4usAx«^(Sa^a*)$6 
^:musical m\se)^mEt?>^^ti^$>?>o 

[0 14 8] ^tc, cowMow.'^ws.mmKi^ni/i. 
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MllX'^i' h;l/©¥!fm«:fflv^T, AA»iX-<i' h 

L, ^mitXiimm:^^^ h;i/*5J;OT?ffb«^jS*ax 
-^i' h;i/*^t±5LT, iio^Fif ft:A*filix-^i7 hjv^ 
J;r/¥if ft:li«»MX'^i' h;i/*fflv^tte»ix--<^ h 

ffiLT, ^|ig&L^b-^/l/K>r^fSL/cX-^i' h;b^?fM 

S©T, Htx^i' h;b«lEy'('>'©3imMffl]*nT3 

[0 14 9] ;:©^B5©ll^ffl]iI«WcJ;na\ 
AAWix-^^' h;l/^ffiS!{©ii«^«fcMiJL, 
Mi!fl?ii«©¥J£lX'^i'h;l'*#ffi-rai:iiK. $tg® 

ifix-<^ b;i/*«a©i3'm?f?«fc^3^9jL, ^ii^em® 
j^^tDTOx-^i' b;i/:£^ffi-r5x-<^ hmm^^m^ 

&.^m^. X-<^'h;V©^ifiiat5j;tf¥}fftX-<^'h 
20 ;l/©»ffit#MMSw«l5©¥i£|X-?i'h;V«:/gt/^Sc: 

igW©Mi^^x-^i' h;l/^)g^^i!©^^*|!gihT- 
t, $(t§KHT©IIWfflE«;&A$<ffit3fcSt, 
E^fcfctj-§3iia©X'^i7 h;V«]E^RS±L, S»^lt 
^SPEsb^Tt-So t/i, ^§P>L$P'^;Wt:>i>tJSL/cX 
h;l/¥?t«©W*fT5 ctx\ $l#|4*^Atv^ 
ti^fc{i¥-?l*3t< L, ii^tt AVJ^^^^lp■^^|ggu^^-e 
30 t^^tt^x^^cDX, MKX-^i'h^i/SiE^Vyoa 

[0 1 5 0] sfe, c(r)mmm'smmmmK^tni. 

At/ffi^§©«M{cj£i;fcX-<^' h;l/¥?il«>&ilv^TA 
:^IS*iX-?^' h;l/*3j;«#»X-?^' hJV^^mit 
L. ^n?>*fflv^T*tfiLfeX-?^h;HIIE^^Vy;&ffl 

v^TSiwspjE^aa^fTdiitt?, A:;f]M^©«ffitjsi: 

TX'-^i' b;l/ffiiEyi'y©Sii^»-r2c: 

M:?.ff, $t^E^^H©^gSN^^cfc^,^T, «§ltSX'^ 

^ctxt^(Dx, mtj^p'om'^^^m^^ctif' 

[0 1 5 1] Sfc, il©|i|Hj3©$t^ffl]ESBK<fctltJ. 
AAfi^omitJSUTAASliX-?^' b;P*5itf||§ 
Mtsx-^i' b;V©¥5f«^fflv^TA;^iHiiX^^ 

50 ^'«ffl*ffll/^T, JS«»x-?^'b;miEyt'yfcJ: 
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[0 1 5 2] J /c. ^©fSH^on^aijEESMt ina. 

b;l'*3ir;sF!tffc:«^»iX-^i7 b;l/;§:^ttjLTV^ 

T. X'^^h;l'¥if^a©ffffi*5<J;t>"X-^^h;l/¥»^ 

[0 1 5 3] ;:©5gB^€)$i^-K]jlgg£j:ntt\ 
MIHX-<^ h;l/¥m«»ffi#l§i:X-?i7 h)Wm& 

i; X-? h miEf^ ymmmwm^is i muE-)"-/ 50 

Ji1iix-^i'h;V^IIit©;i«S(^S«t^^fflL, ^HiSS 

X'^i7h;lyaijE;&|5§ii:L. S»*«-MPI±*^-r^So S 
ft, $t§5)L*W;l/{c5t{S;LftX--^i' h;Wifm© 

¥?f ^3S46§ J; d ri^mm^^mm^ c t^^Tt s© 

T. X-^^h;WiiE^VX X'-?^' h;Vip)f ^fj;&p:tB 
ftcfctlx^^- h;l/¥it^fT3fci6©iflM'^, x-^^h 
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[Hffi©W*%IKH^] 

CEl 1 ] c ©fiH^©*)!ifi©ff?l^ 1 ©«fig*?N-r7a >y 

[03] (DmM(Dmm(Dmm 3 ©«*^^■r7"^ 
[0 4] iKommommommACDms&^^^ty'i^y 

[0 5] c ©f§HJ!©^ffi©}gi^ 6 ®gfig?:^-r 7'a >y 

[06] ;n©5SRI§©IISfi©mi7©«]£^^-r7"P-y 
i'0l?a&So 

[07] ^/i«^«osNl:bfcM-ratt§»x-^^ 
h;i/SiE^V >aPIfi©Sfl:0-p$So 

[08] A*M^^^7-fc«t-S»§^SX-^i' 
SjE^V iJPI{I©Sfb0-p^So 

[0 9] m^mm:^^^ hMmf-^yo^mimr^^ 

[010] tt^liSX'^^ h;WliE')'V>'©Sfl:0T- 

[011] SflWMX-^^b^l/ffilE^VyKH-rsffi 
«fi*W.©W0T-SSo 

[012] lt^[tSX-^^h;l/ffliEyVyfclB-rsffi 

«a*^w^ ©»0T-feSo 

[013] fi^*©*S«WJEE»B©«fig*^-r 7n 

1 A*fi#s?> 2 ^r^/ji)gi5^i^#a. 3 
e>Lsfij£#s. 4 $t©aiiix-?i' h;i/Miffei;ms 

W^S. 5 X-<^ h;bMiE^V>MI5IfffftBs!i|§. 6 
SlE^^VyWHim 7 X-?i^ 8 X-^ 

^'h;]/?)!]!^©. 9 m\m/mmmm^m. i o m^^i 

m^^^. 1 1 P-Ax^-r;]/^, 1 zmy-fJl^^, 

1 3 ga^gH^^t/f^S. 1 4 IfJg^SlJ^jW®. 1 5 

Mifaaiiiri^sm 2 1 x-?^h;w?ti^a»ffi 

2 2 x--^i7 h^ysp-^^g^ 2 3 X'^i'h;^^ 

^^fJ¥l§, 10 17 b-A{kMasi5„ 1 0 2 

SaaS. 1 0 3 fta7-UxS^SQ.fflgp, 1 0 4 /ry 

F®agi5. 1 0 5 m^m^^. i o e NR«ti-»:gp. i 
0 7Hnfift#g[5. 1 0 8 y-^ji^mmB. 10 9 
K^»^ 1 1 0 7.<^hyL.BiE$k 1 1 1 iMB3I 

y-Vx.mmk 1 1 2 M'7-y:/i[ra»gi5, i i 3 

^PmXt!i^=?. 1 1 4 .12 1 

RMStf-»gl5, 1 2 2^i5^X^.;P4^~tt-»SP. 1 2 3 «AR 
MStf-»gP, 1 2 4 «g$t^U'^;P|t»g|3. 1 2 5 «A 
SNRft^g^. 1 2 6 M^X^^ h;l/»^gPo 
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